The planar inverted F antenna (PIFA) is widely used for cellular phones and mobile bands due to the compactness and size. The demand on communication devices for communication systems has led to a constant study for determining suitable methods and techniques to reduce the antenna dimensions. Applications such as mobile bands continue to increase argue the necessity of the antenna system requirements. Despite of that, the PIFA is popular and extensively used in mobile handsets and portable wireless devices because of its compactness, low profile, small size, built-in structure, and can be easily placed anywhere in the handsets. The objective of this study is to present, analysis, and design of the PIFA for Mobile bands MHz which is applicable for Global System for Mobile communications (GSM) all over the world. Antenna Magus simulation software used for the design and simulation procedure. Results show and confirm satisfactory outcomes.
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Antennas; PIFA, wireless communication. *Corresponding Author: Jalil A. Hamadamin jalilaziz@gmail.com Now a day, the PIFA is the most common antenna that is widely used in mobile phones due its suitability that can be placed anywhere in handheld. Figure 1 shows a PIFA. [Qwerner, et al, 1999] .
Fig. 1. A planar inverted F antenna
PIFAs have conducting plates called radiating patches that are parallel to a ground and are connected to ground by a plate making it able to resonance at λ/4 [Prathamesh, et al, 2011] The PIFA is a microstrip antenna design that shows much promise in dealing with the shortcoming of the λ/4 monopole antenna in mobile communication applications [Hee, et al, 2003] .
The antenna also has a high degree of sensitivity to both vertically and horizontally polarized radio waves, thus making the PIFA ideally suited to mobile applications. Other reasons for microstrip antennas to be so popular in mobile communication applications are: low-profile antennas, and easily conformable to nonplanar surfaces. Along with their low profile this makes them well suited for use on high-performance airframes, easy and inexpensive to manufacture in large quantities using modern printed-circuit technique. When they are mounted to a rigid surface they are mechanically robust and adaptive elements can be made by simply adding an appropriately placed pin between the patch and the ground plane. Using such loaded elements, the antenna characteristics can be controlled. Figure 2 shows antennas placed in hand phone.
Fig. 2. Antennas mounted in hand phones
In recent years, there have been many papers, researches, and theses published on PIFA antenna for different Wi-Fi applications especially on mobile bands.
Redzwan et al. presented a design of single band PIFA antenna for long term evolution (LTE) for mobile applications in 2014. This antenna is suitable for mounting on the mobile phone due to its low profile, small size and good gain. In 2014 Elsheakh et al. proposed a PIFA consisting of two elements, each element consists of two trapezoidal shaped slots within the radiating plate and uniplanar electromagnetic band gap within the ground plate. This uniplanar antenna shape is easy to fabricate without the use of vias or other kinds of vertical connections. Finally, Krishna et al. in 2015 presented a dual band PIFA for mobile handset applications at dual frequencies using High Frequency Structure Simulator (HFSS). This antenna covers a bandwidth of 31.9MHz (0.88-.911GHz) and 112.7MHz (1.873-1.985GHz) and lower and higher bands for different directivity and resonant frequencies. In this paper a PIFA antenna for mobile bands MHz is selected for a suitable design applicable for GSM mobile communications all over the world. 
Design of Planar Inverted F Antenna (PIFA)
The (PIFA) is currently in use as an embedded antenna in some radiotelephone handsets. The PIFA typically consists of a rectangular planar element, ground plane, and short-circuit plate of narrower width than that of the shortened side the planar element. The PIFA also can be viewed as a short-circuit microstrip antenna resonated with the TM 100 dominant mode (the mode with lowest cutoff frequency). The length of the rectangular element is halved by placing a short-circuit plate between the radiator element and ground plane at the position where the electric field of the TM 100 mode is zero [Lo and Lee, 1998 ].
The standard resonant frequency given in Equation (1) for a PIFA is [Kadambi, et al, 2003] : (1) where f r is the resonant frequency of the main mode, c is the speed of light in the free space, W is the width of the radiating patch and L is the length of the patch.
PIFA consists of ground plane, radiating patch above the ground plane and shorting plane. A coaxial probe feed is given between the ground plane and patch element. Top radiating patch plane is folded at one edge of a patch and shorted to the ground plane to decrease the antenna length. The size of the patch and resonating frequency can be determined by Equation (2) [Krishna, et al, 2015] :
where L 1 is length of the patch, L 2 is width of the patch, W is the width of the short pin and λ is the wave length. Figure 3 illustrates a PIFA with feed point.
Fig. 3. Planar inverted F antenna with feed point
The design measurements for the proposed PIFA that can be used for cellular phones in mobile bands MHz is shown in table 1:
Table1. Design parameters for the proposed (PIF)
antenna.
SIMULATION RESULTS
The PIFA is analyzed and presented using antenna magus v4.5 simulator which operates on a frequency of (1945) MHz suitable and applicable for mobile communication bands. The graphical representation of the selected PIFA with the specifications given in Table 1 is shown in figure 4 to explain the variation of reflection coefficient with frequency.
Fig. 4. Frequency vs. reflection coefficient
It is obvious that, the reflection coefficient magnitude is limited by the antenna design and the technology. Figure 4 represents that gathering minimum reflection coefficient appearing in 1946MHz. The whole resultant parameters are presented in Table 2 . As shown in figure 5 , it is observed that, at resonant frequency the voltage standing wave ration (VSWR) is well below 2dB. It shows that at 1945MHz the VSWR is 1.5dB. The tabular form of the results is shown in table 3. Figure 6 shows variation of impedance with frequency.
Table3. Results of frequency-VSWR

Fig. 6. Frequency vs. Impedance
In figure 6 , the PIFA at 1945 MHz has a Reactance close to 0Ω and a resistance of 43Ω. This combination of high resistance and low reactance corresponds directly to good radiating efficiency, the essence of a well-tuned antenna. The tabular form of the results is shown in table 4. Figure 7 shows variation of return loss with frequency.
Table4. Results of Frequency-Impedance
Fig. 7. Frequency vs. Return Loss
From figure 7, we can realize that at 1940 MHz the return loss is mínimum and gives a good result. Figure 8 shows the total gain of the antenna.
Fig. 8. Total Antenna Gain
The gain is a key performance number which combines the antenna's directivity and electrical efficiency. It describes how well the antenna converts input power into radio waves headed in a specified direction. The tabular Figure 9 shows 3D radiation pattern:
Fig. 9. 3D Radiation Pattern of the Antenna
From figure 9 it's seen that the PIFA exhibits moderate to high gain in both vertical and horizontal states of polarization.
CONCLUSIONS
The advantage of PIFA is that can be hiding into the housing of the mobile when comparable to whip/rod/helix antennas. Another advantage of PIFA is having reduced backward radiation toward the user's head, minimizing the electromagnetic wave power absorption (SAR) and enhance antenna performance.
In this paper, a PIFA is investigated which covers the mobile communication band. The proposed antenna is small in size, it can be mounted anywhere in the mobile phones, and it is popular for portable wireless devices. From the simulation results, the investigated PIFA antenna is able to operate at over the proposed frequency band MHz. It can be concluded that, PIFA structures are mostly used antennas suitable for mobile devices and can widely use in several application areas due to mentioned advantages.
